Received for publication October 8, 1962 IN a study of " The Effects of Occupation and of its Accompanying Environment on Mortality " (Stocks, 1938) a comparison was made between death rates from respiratory disease during 1921-23 among coal miners and other people living in different mining areas to ascertain whether the mortality excess which had been apparent in miners of South WVales and Lancashire when compared with miners in the Midlands arose from specific working conditions or from local factors affecting all residents in the counties concerned. It was found for example that at ages [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] From this and other examples it was pointed out that " faulty conclusions may be drawn from occupational statistics alone unless consideration is given to local variations in general mortality ". The mortality of wives of men with different occupations can be a useful control for the men's rates, but for some diseases the environmental factors most affecting incidence are not the same in the two sexes and some occupational hazards are extended to the home and affect the wife also. Furthermore the Registrar General's analyses of married women's mortality in 1930-32 and 1949-53 applied to the country as a whole and have not permitted subdivision by occupation of husband in different parts of the country. It is possible, however, to compare death rates of coal miners between ages 20 and 65 with those of nonminers of the same ages in whole counties or groups of contiguous counties where there are coalfields, and the present study aims at doing this for cancer of the stomach and respiratory diseases.
Mortality of Miner8 in Different Coalfields
According to the occupational mortality statistics for (Registrar General, 1958, 154. In the different areas the miners' S.M.R.'s ranged from 200 in south-west Wales to 101 in DerbyLeicester-Warwick, but these differences take no account of areal differences there may be in the mortality of non-miners also. This poses the problem whether the areal contrasts arose from differences in the coal itself or manner of mining it, in the rock and soil containing it or in the general environment of the districts where the miners lived. It is necessary first to know whether non-miners living in the counties embracing the coalfields showed similar contrasts in stomach cancer mortality; and the reason for the enhanced mortality of miners' wives in the country as a whole has also to be considered.
For bronchitis amongst all coal miners in England and Wales the S.M.R. was 135, and amongst their wives it was 175 in terms of the ratio for all married women taken as 100. For the South Wales and Monmouthshire miners however the S.M.R.'s were over 170 contrasted with Durham-Northumberland, Nottingham and Derbyshire-Leicester-Warwick miners with 115 or less. For respiratory tuberculosis the S.M.R. for all miners was 119 (wives 145) but Glamorgan and Monmouth miners showed ratios over 180 whereas in the northern and midland areas mentioned above the ratios were below 100. For these diseases also the question arises whether in 1949-53 similar areal differences occurred in nonminers. The levels of pneumoconiosis mortality are dealt with in Table III .
Miortality in Equivalent Population of Non-Miners
For each of the counties concerned and each county borough in them, the numbers of deaths of males at all ages from the three diseases were obtained from and 144 in Cardiff, so the population from which they were drawn and the nonminers in it had to be distributed in the same proportions per unit total, namely 0.900, 0-083, 0-014 and 0 003 respectively, which are the " weights "w0, w1,w2,w3
for this county. The crude death rate from cancer of the stomach at ages 20-64 in the total equivalent population, denoted by R, was obtained by weighting the death rates of all men at those ages in the administrative county by w0 and the rates in the various county boroughs by w1, W2, W3 . . and aggregating the weighted rates. For example, in the 4 parts of Glamorganshire the death rates per million were 379, 446, 350 and 385, producing a weighted rate R = 383 (compared with 373 in the whole of the population unweighted). If P0 is the population of men aged 20-64 in the administrative county, the total equivalent population to match the miners is P P0/w0, and deducting the miners in the whole coalfield, p, as given in Table I , the equivalent population of non-miners is p' _ P -p. Denoting the death rates at 20-64 among miners by r and among non-miners by r', the rate among non-miners is given by r' = (PR -pr)/p'. In the Glamorgan example P0o 219,211, leading to P = 243,568, and deducting the miners' p' is 190,896; the miners' rate r, derived from Table I by dividing their deaths by 5 times the census population, was 589 per million and R as found above was 383, so the non-miners' rate r' = 326 per million. Table I shows for each area the values of p, and r is given by the deaths/5 p. Table II shows the proportion of coal miners who lived in county boroughs
(1 -wo) and the ratio of miners to total equivalent population (p/P) and from these P, P0 and p' can be derived. The weighted death rate R is also shown and the non-miners' rate r' can be found by means of the formula given above.
The rates r in miners and r' in non-miners at ages 20-64 have now to be adjusted for differences in age distribution within that range, using an indirect method of standardization, since there are larger proportions of young men in the town populations and also among coal miners than in the administrative county areas where most miners live. For example, in Glamorganshire the percentages of males aged 20-34 in the totals aged 20-64 were 36 in Cardiff, 35 in Swansea, 34 in Merthyr Tydfil, 32 in all coal miners and 26 in the administrative county, and few deaths from stomach cancer occur at such early ages. To adjust for this the miners' population p at each age group 20-, 25-, 35-, 45-, 55-64 was multiplied by the corresponding national death rates for all males in 1949-53 (3, 16, 91, 361, 1000 per million respectively for stomach cancer) giving the expected death rate at 20-64. This when divided into the corresponding rate in England and Wales population (268) per million) gave the comparability factor for miners in that area, which when multiplied by r gave the age-adjusted rate, as shown in Table II .
The population aged 20-64 of the administrative county, P0, and the equivalent populations in the separate county boroughs were each distributed between the age groups proportionately to the census populations of the area in question, and from the aggregate in all the areas in each age group the number of coal miners of that age was deducted, giving the age distribution of p' from which its comparability factor for stomach cancer was derived in the same way as for the miners. For bronchitis the national rates similarly used for age adjustment were 6, 14, 76, 510, 2083 per million at the 5 age groups and 470 at 20-64; and for respiratory tuberculosis they were 195, 314, 380, 631, 947 and 490. Comparison of Death Rates in Miners and Non-miners Cancer of stomach Table II gives the death rate, R, per million in the equivalent population of miners and non-miners, the comparability factors and age adjusted rates in miners and non-miners separately and the difference between those rates. In every area the coal miners' rate exceeds that of non-miners, the average difference being 126 per million, with a range from 65 to 226. It would appear from this that coal mining involves an occupational risk of increased mortality from stomach cancer, but the amount of the increase shows pronounced geographical differences. The greatest excess in the rate shown by miners over non-miners occurs in Brechnock, Carmarthen and Pembroke, where it is 226 per million, and this area is peculiar in that 82 per cent of the miners were working anthracite at the time of the census. (Stocks, 1958) . This is indicated by the non-miners' rates which are well above the corresponding national rate of 268 per million. It has been found that in North Wales where mortality from stomach cancer is peculiarly high, farmers, quarry workers in slate and igneous rock and coal miners all showed pronounced excess in age adjusted death rates from stomach cancer compared with men in other occupations, and this suggested that direct contact with soil in areas with high mortality may be a factor of importance (Stocks, 1961) . It may be therefore that the notably large mortality excess in the South Wales miners is connected with the kind of rock and soil rather than, or in addition to, the kind of coal.
In Monmouthshire the miners' excess was 157 per million; and combining the 3 Welsh areas the weighted non-miners' rate was 308 and the miners' excess was 200. In the Durham-Northumberland area the death rate of non-miners was 23 per cent above the national average of 268, and the miners' excess was 103.
Taking the 3 northern areas together the weighted rate in non-miners was 281 and the miners' excess was 104, whilst in the 3 Midland areas combined the noinminers' rate was 289 and the miners' excess 72. There is a strong regional difference in the occupational hazard, but whether the coal itself or kind of soil or both are responsible for the differences is uncertain.
Another puzzling fact is that in all the mining areas combined, the wives of coal miners show a mortality excess from stomach cancer of about 50 per cent compared with all married women in England and Wales (Registrar General, 1958) , but no regional subdivision of their death is available. If the non-miners' rates in Table II are weighted by the miners' populations the overall rate is 294 per million, which shows that in the coalfield areas as a whole, stomach cancer mortality of men aged 20-64 is about 10 per cent above that of all males in England and Wales. A similar excess in wives of non-miners could be expected in those areas. There remains a considerable excess in miners' wives which might be due to something in the homes of coal miners not usually found to the same extent in other homes, such as coal dust.
Respiratory diseases
It is evident from the Registrar General's occupational mortality statistics for that the risks of dying from cancer of the lung and bronchus are smaller among coal miners than among non-miners, since their mortality compared with that of all males taken as 100 was only 71 at ages and 59 at ages 65 and over. In every one of the mining areas distinguished in this paper the S.M.R. was below 100. 
SUMMARY
Death rates from cancer of the stomach and from respiratory diseases amongst coal miners at the working ages in 1949-53, derived from the Registrar General's data have been compared in 9 mining areas with rates amongst non-miners living in the same counties and distributed in the same way by ages and urbanization of place of residence.
The comparison indicates an occupational hazard for stomach cancer which is greatest in South Wales, least in the Midlands, and intermediate in Northern England. Bronchitis and respiratory tuberculosis also show strong regional differences. Possible reasons for the regional contrasts are discussed.
